The instantaneous angular distribution of synchrotron radiation is investigated. The radiation space is divided into two parts. The first part of the space is the interior of a cone with the apex located at the point of a radiating charge, the angular span being 2α 0 and the central axis oriented along the instantaneous velocity of the charge. The second part of the space is the complement of the first part in the entire space.
Introduction
A theoretical study of angular distributions of the power of synchrotron radiation (SR) is sufficiently well developed and presented, for example, in [1] [2] [3] [4] [5] . However, some features of SR angular distributions have not been considered and may prove to be interesting not only theoretically, but also experimentally feasible.
In this paper, we consider the instantaneous spatial distribution of SR power. This distribution was first studied in [1] . In particular, in [1] it was established that the SR instantaneous distribution in the relativistic case is concentrated along the velocity vector of a radiating charge (electron). We propose here a method of dividing the space into two parts, such that in the ultrarelativistic case all the radiation power concentrates in the first part of the space, and in the second part the radiation tends to zero.
2 Spatial structure of the SR instantaneous angular distribution
The spatial structure of the SR instantaneous angular distribution can be specified in the following coordinates (also indicated in [1] ). The origin of the coordinate system is chosen at the point where the radiating charge is located. The x-axis is directed along the electron velocity, the y-axis is directed toward the center of a circular trajectory, and the z-axis is chosen so that the coordinate system is right-handed (when the charge moves in a constant and uniform magnetic field, the z-axis is parallel to this external magnetic field). The radius of the circular orbit of the radiating particle is denoted by ρ; in our coordinate system it is oriented along the y-axis. The angle between the x-axis and the vector R is denoted by α (0 α π), while the angle between the projection of the vector R onto the yz-plane and the y-axis is denoted by χ (0 χ < 2π). The coordinate system is illustrated by Fig. 1 . Under these assumptions, the instantaneous angular distribution has the form [1] [2] [3] [4] [5] 
The following notation is introduced: e is the charge value; c is the speed of light; v = cβ is the speed of a radiating particle (0 β < 1); ω c = (|eH|)/(m 0 c) is the cyclotron frequency; m 0 is the rest mass of the particle; H is the magnetic field strength. The radius of the orbit ρ of the radiating particle is related with the cyclotron frequency and the velocity by the formula
It is formula (2.1) that determines (see also [1] ) the fact that the instantaneous angular distribution in the relativistic case is mainly concentrated in a narrow cone with the central axis coinciding in direction with the instantaneous particle velocity v. The angular span of this
Integration over the angular variables in (2.1) leads to well-known expression for full radiation power [1] [2] [3] [4] [5] 
The entire radiation space in question will be represented as the sum of two subspaces. The first subspace is the interior of a circular cone emerging from the origin of coordinates, with the angular span being 2α 0 (0 < α 0 π) and the central axis coinciding with the charge velocity (x-axis). The second subspace is the remaining part of the space with the first subspace removed. The radiation power in the first subspace can be obtained from expression (2.1) by integrating over χ within 0 χ < 2π and by integrating over α within α 0 α π. In the second subspace, the radiation power is given by integrating over χ within 0 χ < 2π and by integrating over α within α 0 α π. It is essential to notice the value 0 < α 0 π, meaning that α 0 is larger than zero. The radiation power in the first subspace will be denoted by W 1 , and the radiation power in the second subspace is denoted by W 2 . Next, we introduce the notation
where P (β, α 0 ), G(β, α 0 ) are dimensionless functions. The equality W = W 1 + W 2 and formula (2.2) imply the relation
3) allows one to obtain the function P (β, α 0 ) once the function G(β, α 0 ) is known. Using expression ((2.1) and making a trivial integration over the variable χ, we get the following integral representation for the function G(β, α 0 ):
Integration over the variable α in (2.4) does not pose a problem, and the final expression for G(β, α 0 ) has the form
where it has been denoted
For derivatives with respect to β, it is easy to obtain the formulas
where M (β, q) stands to denote
Properties of the functions P (β, α 0 ) and G(β, α 0 )
Here, we discuss the simplest properties of the function G(β, α 0 ) defined by expressions (2.5) and (2.6). As has been already noted, the value of q < 1 is strictly less than the unity, therefore the value of G(β, α 0 ) with permissible parameters is a finite and infinitely differentiable function with respect to the variables β, q and admits a continuous transition β → 1 with G(1, α 0 ) = 0.
As it follows from (2.5), we also have G(0, α 0 ) = 0 for β = 0. Thus, considering the function G(β, α 0 ) as a function of β on the closed segment 0 β 1 with a fixed q = cos α 0 , we can see that this function is continuous (and infinitely differentiable) on the indicated segment and is equal to zero at the ends. It is easy to find the first nonzero terms at the ends of this segment: Thus, in the second part of the space for a given α 0 there exists an upper limit of the radiated power. The function P (β, α 0 ) is a monotonically increasing (up to infinity, with β → 1) function of β for any given q = cos α 0 . Therefore, it is only P (β, α 0 ) that determines the SR power in the ultrarelativistic limit.
For illustration, we plot in Fig. 2 the graphs of the functions P (β, α 0 ) and G(β, α 0 ) for some values of α 0 . The behavior of the graphs confirms the above reasoning.
The numerical results of calculations for the functions G(β, α 0 ) and P (β, α 0 ) are given in the Table 1 , where, for the corresponding α 0 , in the first line we display the function G(β, α 0 ), and in the second line, the function P (β, α 0 ). In Fig. 3 , we also present a plot for the maximum of the function G(β, α 0 ) as a solution of equation (3.9).
Conclusion
The main conclusion of this paper is the following statement. Dividing the space SR into the two parts described in the work, we distinguish the first subspace in which the velocity vector of a radiating particle is located and the second subspace in which this vector is absent. Considering the radiation power in the second subspace as a function of the particle velocity, we can see that the radiation power initially increases, reaches a maximum, then it begins to decrease with a growing speed and vanishes in the ultrarelativistic case. The fact that the radiation vanishes in the ultrarelativistic case is quite interesting physically. Thus, in the ultrarelativistic case, all the radiation is concentrated in the first subspace, regardless of its size (however, it is essential that this size be non-zero). One can give another physical interpretation of the result obtained here. Considering the angular distribution of the instantaneous power of synchrotron radiation as a function of the energy of a radiating particle, we are aware that most of the power is concentrated, with an increase of the energy, in the vicinity of a line parallel to the instantaneous charge velocity. However, this concentration is accompanied by the fact that radiation along the other lines begins to decrease with an increase of the energy and then vanishes. In the ultrarelativistic limit, it is only the increasing part of radiation (see expression (2.3)) that determines its character.
The question arises of an experimental confirmation for the results obtained. Since in accelerators and capacitors the electron rotates with a high frequency ω = 1 − β 2 ω c , it is only time-averaging characteristics altering the instantaneous distribution that can be observed. The instantaneous distribution can be observed if the temporal resolution of experimental installations (for modern accelerators) is of the order of 10 −13 sec., which is expected to be achieved in the near future.
